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ABSTRACT
In the refrigerator compressors, the suction mufflers are commonly used to reduce the notse
propagated through the intake valve system. In order to optimize the muffler design, it is necessary to
characterize the source characteristics, i.e., the source impedance and the strength, of the intake system.
In this paper, assuming the intake system as one-port, linear, time-invariant one, the acoustic source at
the intake port of the actually operating compressor is estimated by using the multiple-microphone
method. In the present method, an overdetermined linear system which contains two transfer functions
between two pairs among three sensors is solved using the Moor-Penrose pseudo-inverse. The obtained
source parameters are successfully used to predict the radiated source pressure at the intake system in
the compressor.

INTRODUCTION
In the compressors of the refrigerators, the suction mufflers are used to reduce the noise propagated
from the intake valve system and their performance is dependent on the acoustic source characteristics.
Therefore, the characterization of the acoustic source modeling the sound emission from the intake port
in operation is important in the proper design and the evaluation of the muffler system. Assuming oneport, linear, and time-invariant, the source can be characterized by the internal source impedance and the
source strength. These source properties can be estimated by either the direct method (standing_ wave
ratio method, two-microphone method and multiple-microphone method) or the indirect method (twoload method, four-load method). The comparisons of these methods can be found in many previous
works [1-3].
In this paper, the source characteristics of the intake port in the compressor are measured by
employing the multiple-microphone method [4] which complements the drawback of the frequency
response of the conventional two-microphone method.
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THEORY
acoustic load
By assuming the source as linear time-invariant system, the complex pressure P for the
having the impedance Z can be obtained as
P=P~

z

·' Z s +Z

,or P=P~-PZ0jZ,

''

,,

(I)

First the source
where Z 8 and F._, are the source impedance and the source strength, respectively.
external source.
impedance is determined by exciting the source with the strong sound field fed from an
be generally
For this purpose, any method for measuring the impedance of the passive elements can
method which
used. In this paper, the source impedance is measured by using the multiple-microphone
ment errors
has already shown to be able to having wide effective frequency range and smaller measure
linear system
than the conventional two-microphone method [4]. In this method, an overdetermined
using the Moorequation which contains measured transfer functions between multiple sensors is solved
is dependent
Penrose pseudo-inverse technique. The sensitivity of the method to measured input errors
gives the
on the measurement positions and it is proved that the equidistant positioning of sensors
smallest errors in the effective measurement frequency range.
be estimated
When the measurement of the source impedance is successful, the source strength can
impedance
from equation (1) and the pressure P measured for the attached acoustic load having known

z.
EXPERIMENTS
directly to
The actual measurement configuration is shown in Figure 1. Ambient air was introduced
6
2
(1.57xl0
the suction port in the compressor and the pressure of the output port was set to 16 kgf/cm
suction muffler
N/m2) (absolute pressure). For the measurement ease of the source characteristics, the
the shell. The
was detached from the system and a straight pipe was mounted to the head cover through
sor with the
three measurement positions were located equidistantly on the pipe outside the compres
on is neglected.
spacing of 15.0 mm, that gives the critical frequency as 11.4 kHz at 17 oc if attenuati
the pipe was
The cut-off frequency of the first high order mode was 13.3 kHz. The mean flow through
g the source
very small and was neglected in the estimation of the source parameters. For measurin
the correlation
impedance, only the sound field from the external source should be used, so that
functions were
technique was used with a high-powered horn driver (1 00 W). The acoustic transfer
and measuring
obtained by using the pseudo-random sequence as the input signal to the external source
this, errors
the pressures at three locations sequentially by a single microphone (PCB 103A02). With
overdetermined
associated with phase mismatching could be eliminated [5]. Two loads, i.e., two-fold
loads with measured impedances a priori, were used for enhancing the accuracy ofthe result.
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The measured source impedance and the strength are shown in Figures 2 and 3. With the measured
source characteristics, the radiated sound pressure level when applied to the source can be predicted.
Although there are some errors in the measured resistance of the impedance, the overall trend of the
strength and the impedance seem to be acceptable. As an example, the predicted and measured sound
pressure levels are compared in Figure 4 using the open pipe as an acoustic load. It is noted that one can
predict the source behavior well by utilizing the measured source characteristics except at frequencies in
0 Hz to 300 Hz, and around 1.1 kHz. At these frequencies the sound field from the external source was
not dominating compared to that from the measured source during the measurement process of the
source impedance.

CONCLUSIONS
The source properties of the intake system in the compressor of the refrigerator can be experimentally
characterized successfully by using the multiple-microphone method. It is shown that the obtained
source parameters can provide the accurate estimation of the source behavior and the result would be
very useful in designing the muffler property.
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Figure 2. Measured source strength.

Figure 1. Test rig for measurements of source
characteristics.
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Figure 3. Measured normalized source impedance. (a) real part, (b) imaginary part.
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Figure 4. Comparison of the predicted and measured load pressures.- ---, predicted; - - ·, measured.
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